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(54) Method and apparatus for monitoring the proper operation of a sensor used in detecting
buried magnets in a control system for materials handling vehicles
(57)  The operational fitness of a vehicle-mounted

magnetic sensor (90) for detecting buried magnets
which identify zones of operation of the vehicle is tested
by comparing the analog output (102) of the sensor with
preestablished values when sensing buried magnets.
The comparison is used to confirm operation of the sen-
sor, the strength of the buried magnet, and the align-

ment of the sensor with respect to the magnet. A
threshold detector (97) senses the output of the sensor
to indicate when a magnetic field is detected, and the
peak analog output of the sensor is stored and com-
pared to a reference after the sensor passes the mag-
net.
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Description

This invention relates to a method and apparatus
for determining the proper operation of an end-of-aisle
detector system.

Permanent magnets have commonly been embed-
ded in the floors of warehouses that employ either wire
or rail guided vehicles in order to indicate various loca-
tions, such as the end of an aisle, the beginning of a
spur, or some other location where control action of the
vehicle is required. In many prior art vehicles, sensors
comprising reed switches have been used to indicate
whenever the vehicle passes over one of these mag-
nets.

In wire guidance systems, a wire is buried in the
floor, and that wire is normally energized with an alter-
nating frequency current. If the signal from the wire is
lost for any reason, then action (usually braking) is
taken to prevent further unattended movement of the
vehicle and thereby protect the vehicle from damage.

Furthermore, as disclosed in EP-A-0092171, prior
to the vehicle acquiring a signal from the buried guid-
ance wire, the guidance wire sensors may be checked
for proper operation by means of a test transmitter car-
ried by the vehicle and placed in proximity to the sen-
sors. The test transmitter is used to create a simulated
wire guide path signal which is sensed by the sensors.
The sensor output is applied to a test device which, if it
detects defects in the guidance system, prevents start
up of the vehicle.

However, since a buried magnet, unlike the buried
wire of a wire guidance system, is detected only occa-
sionally, there is no continuous output from the magnet
sensor on which to rely to indicate continued reliable
operation of the sensor. Clearly, it would be desirable to
have some means to determine whether the sensor and
its associated circuit continue to be functional.

It is an object of this invention to provide a novel
method and system for determining the proper opera-
tion of a magnet sensor installed on a materials han-
dling vehicle for the purpose of detecting a magnet
buried in the floor that indicates a specific location, such
as the end of an aisle.

According to one aspect of the present invention,
there is provided a method of testing a control system,
such as an end aisle control system, for a wire-guided
vehicle, wherein at least one magnet sensor is posi-
tioned on an operator-controlled materials handling
vehicle for detecting magnets installed in the floor rela-
tive to a guide wire for indicating a specific location, the
method comprising the steps of:

generating an analog output signal representing the
strength of the magnetic field detected by said mag-
net sensor;

generating a threshold output signal for said mag-
net sensor indicating when the analog output signal
therefrom exceeds a first predetermined value;
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detecting and holding a peak value of said analog
output signal generated by said magnet sensor dur-
ing an interval when said threshold output signal is
present;

determining whether the peak analog output signal
of said magnet sensor exceeds a second predeter-
mined value after a threshold output signal has
been generated; and

indicating a first fault condition whenever the peak
analog output signal from said magnet sensor is
determined to be below said second predetermined
value.

According to another aspect of the present inven-
tion, there is provided an operator controlled wire-
guided materials handling vehicle including means for
guiding the vehicle along a predetermined path defined
by a buried wire, means for moving said vehicle, and at
least one magnet sensor mounted on said vehicle for
detecting a magnetic field emanating from a buried
magnet, which indicates a specific location along the
path of the vehicle, characterised by:

circuit means for providing an analog signal repre-
senting the strength of the magnetic field detected
by said magnet sensor as the vehicle moves along
said path;

threshold detecting means for providing a threshold
output signal when the analog output of said mag-
net sensor is above a predetermined magnitude;
means responsive to said threshold output signal
for detecting and holding a peak analog output of
said magnet sensor during the time a threshold out-
put signal is present;

means for comparing said peak analog output to a
second predetermined value; and

means for indicating a first fault condition when said
peak analog output is below said second predeter-
mined value.

In one embodiment of the present invention, a bur-
ied magnet sensor is provided with means for checking
its operational fitness from time to time. The sensor is
preferably a Hall effect device that includes an electro-
magnet permanently installed in proximity to the active
element. The electromagnet, preferably in the form of a
small coil of wire mounted in the same housing as the
Hall effect device, when energized, generates a test
magnetic field at the Hall effect device. While the elec-
tromagnet is energized, the output from the Hall effect
device is measured to determine if it is above a prede-
termined magnitude.

Both during the self-test procedure, while the elec-
tromagnet is energized, and during normal operations,
the absolute or analog value of the output signal from
the Hall effect device is compared to values previously
established during calibration of the sensor, and if these
values are at least as great as the previously estab-
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lished value, then it passes this part of the test; other-
wise a failure or fault mode will be indicated.

In order that the invention may be more readily
understood, reference will now be made to the accom-
panying drawings, in which:-

Fig. 1 is a perspective view of a materials handling
vehicle employing a buried magnet detection sys-
tem embodying the present invention;

Fig. 2 is a schematic plan view of a materials han-
dling vehicle showing the location of the compo-
nents comprising the end of aisle control circuitry;
Fig. 3 is a plan view of a representative warehouse
showing a buried wire for vehicle guidance and bur-
ied magnets near the end of the aisle;

Fig. 4 is a block diagram of a buried magnet detec-
tion system;

Fig. 5 is a schematic electrical diagram of an indi-
vidual buried magnet sensor circuit;

Fig. 6 is a cross sectional view of a buried magnet
sensor showing the relationship between a Hall
effect device and a test electromagnet;

Fig. 7 is a block diagram of an interface card that
connects each sensor with the microprocessor con-
trolling the vehicle;

Figs. 8-16 are software flow diagrams of the self
test function performed each time the vehicle is
powered up. Fig. 8 is the overall flow chart while
Fig. 9 describes the general testing of each sensor,
Figs. 10 and 11 describe the digital test of each
sensor, Fig. 12 is the analog testing procedure, Fig.
13 is the routine for reading the digitized analog
value of the magnetic field detected by each sen-
sor, Fig. 14 is the routine for confirming that the
analog value is within predetermined limits, Fig. 15
indicates the sensor that failed a test, and Fig. 16 is
the routine for logging the identity of the failed sen-
sor in a battery powered RAM; and

Figs. 17-24 are software flow diagrams showing the
routines used in run-time diagnostics. Fig. 17 is the
overall routine which is repeatedly executed by the
vehicle’s computer, Fig. 18 is the routine used to
execute a self testing procedure whenever the vehi-
cle has been stopped for two seconds, Fig. 19 is
used to select the sensors to test and bypass the
testing of any sensor detecting a magnet during the
testing routine, Fig. 20 runs the test of selected sen-
sors, Fig. 21 is a routine to log any faults detected,
Fig. 22 is a routine to show which skipped sensors
have failed the test, Fig. 23 is a routine used to test
those sensors that have previously been skipped
because of being active, and Fig. 24 is the routine
followed to indicate the existence of faults.

Referring now to the drawings, and particularly to
Fig. 1, there is illustrated a materials handling vehicle or
truck of the type that may include either wire guidance
or rail guidance. The truck, such as a turret stockpicker,
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typically includes a power unit 10, a platform assembly
20, and a load handling assembly 30.

The power unit 10 includes a power source, such as
a battery unit 12, a pair of load wheels 14 positioned
under the platform assembly, a pair of steered wheels
15 positioned under the rear end of the power unit 10
with each wheel being driven by a traction motor 16, a
mast 17 on which the platform assembly 20 rides, and a
power unit electronic control unit that includes a micro-
processor 18 (as shown in Fig. 2).

The platform assembly 20 includes a seat 22 from
which the operator can control a steering tiller 23, trac-
tion motor control 24, brake pedals 25 and forklift con-
trols 26. The platform assembly 20 includes an
electronics package 28 (Fig. 2) which is interconnected
with the microprocessor 18 by means of appropriate
electrical cables.

The load handling assembly 30 includes a pair of lift
forks 32 which may be raised and lowered and also
rotated relative to the platform assembly by means of
the controls 26.

For wire guidance, the power unit 10 supports two
sensor bars 40 and 42 (Fig. 2). Sensor bar 40 is located
between the steerable wheels 15 while the sensor bar
42 is placed near the mast 17. Both sensor bars are
designed to detect a wire 50 embedded in the floor 52 of
a warehouse, as shown in Figs. 3 and 4. Vehicle direc-
tion of travel and distance traveled are sensed by
tachometer 54.

When used in the wire guidance mode, the wire 50
is placed down the center of narrow aisles between
storage racks 55 in the warehouse, as shown in Fig. 3.
A line driver 60 causes current to pass through the wire
at a frequency in the range of from 4-12 kHz. As shown
in Fig. 4, the wire 50 is embedded in a saw cut in the
floor 52, and it is held in place by epoxy 53 which fills the
remainder of the cut after the wire has been placed in
the bottom thereof. The wire will radiate a signal which
is detected by sensor coils (not shown) carried by the
sensor bars 40 or 42.

For rail guidance, the truck is provided with fixed
guide rollers 65 mounted at the platform end of the
truck, and rolls 67 placed just ahead of the steered
wheel 15. These rollers engage rails mounted on the
racks 55. The rollers 67 actuate spring loaded switches
(not shown) when the vehicle is properly positioned
between the racks. These switches will cause the elec-
tronics package or control unit comprising the micro-
processor 18 to permit the steered wheels to be
disengaged and to allow the vehicle to be guided solely
by the rails on the racks.

For both wire and rail guidance systems, magnets
70 buried in the warehouse floor 52 are used to control
various functions, depending on a particular application.
A typical magnet is approximately 7.62cm long by
5.08cm wide by 2.54cm thick (3 inches long by 2 inches
wide by 1 inch thick) with its north magnetic pole 6.4mm
(1/4 inch) under the floor surface. As shown in Fig. 2,
the magnets are placed in one of up to six paths that
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may be used in any particular application. For example,
paths PA1 and PA2 are normally used for End-Aisle
magnets, paths PB1 and PB2 are used for Auto-
Resume magnets, and paths PC1 and PC2 are used for
End-Aisle-Blocked magnets.

The centers of the magnets in paths PA1 and PA2
are placed a distance "a" (approximately 20.32cm (8
inches)) on either side of the center line 75, the centers
of any magnets in paths PB1 and PB2 are placed a dis-
tance "b" (approximately 30.48cm (12 inches)) from the
center line, and the centers of any magnets in paths
PC1 and PC2 are placed a distance "c" (approximately
40.64cm (16 inches)) from the center line 75 of the vehi-
cle.

A buried magnet sensor bar 80 is shown positioned
between the load wheels 14 of the truck in Fig. 1. This
bar carries one or more buried magnet sensing means
or sensor 82. Magnet sensors, such as Hall effect
devices, are employed and are preferably mounted for
lateral adjustment on the bar 80 on either side of the
center line 75 of the vehicle.

The sensors 82 are placed approximately 2.54cm
(1 inch) above the floor. As shown in Fig. 2, sensors 82
include sensors Al and A2 positioned to detect the mag-
nets 70 in paths PA1 and PA2, sensors Bl and B2 posi-
tioned to detect magnets 70 in paths PB1 and PB2, and
sensor Cl positioned to detect magnets 70 in paths PC1
and PC2. One example of a magnet sensor bar is
shown in our copending U.S. Patent Application Serial
No. 07/682,283, filed April 9, 1991, and an example of
how the sensors are used in an end of aisle control sys-
tem is shown in our copending U.S. Patent Application
Serial No. 07/682,832, filed April 9, 1991. In one
embodiment of this invention, only four magnet sensors
are employed, so the bar 80 will carry either sensor B2
or Cl but not both.

Each of the sensors 82 (Fig. 6) includes a housing
87 containing a Hall effect device 90, an electromagnet
92, and a circuit board 94. Referring now to the electri-
cal schematic diagram of the buried magnet sensor cir-
cuit in Fig. 5, this circuit includes an overvoltage
protection circuit 95, a buffer 96, a threshold detector
97, and a sensor protection device 98.

The output from the buffer 96 is an analog voltage
on line 102 representative of the strength of the mag-
netic field detected by the Hall effect device 90. The
threshold detector 97 provides an indication on digital
output line 104 that the magnetic field detected is above
some minimal value, thus indicating that a magnet is
present in the vicinity of the sensor. The electromagnet
92 may be energized from time to time by a current pro-
vided on line 106 to determine the operational fitness of
the Hall effect device. Power to the sensor circuit is pro-
vided on line 108 and the circuit is grounded via line
110.

The electromagnet 92 is 800 to 1000 turns wound
on a bobbin having a diameter of approximately 1.18cm
(0.465 inch) and a length of approximately 0.76cm
(0.300 inch); it is designed to provide a magnetic field of
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125 gauss. In the preferred embodiment shown in Fig.
5, resistor R1 is 18K ohms, R2 is 1M ohm, R3 is 4K
ohm, and R4 is 1K ohm; capacitors C1, C2 and C3 are
0.01 uF; diode D1 is an IN4004; diode D2 is a 5.1 volt
zener diode; the buffer U3 is a CA3140RE; and thresh-
old detector U2 is an LM211. In this configuration, the
threshold detector 97 will provide an output indicating
when the detected magnetic field exceeds 100 gauss
and will thereafter disable that output whenever the field
strength falls below 80 gauss.

As shown in Fig. 6, each sensor 82 includes a
housing 87 provided with suitable mounting tabs 88
having mounting holes for attaching the sensor to the
bar 80. Both the Hall effect device or transducer 90 and
the electromagnet 92 are mounted on the printed circuit
board 94. A cable 115 extends from the top of the hous-
ing 87 to an interface card 120 (Figs. 4 and 7). The inter-
face card 120 is connected to the microprocessor circuit
18 that controls the operation of the vehicle via cable
117.

The interface card 120, shown in the block diagram
of Fig. 7, connected to each of the sensors 82 via cable
115, includes a decode circuit 122 connected to the
"digital” outputs on lines 104a-104d from the threshold
circuit 97 in each sensor 82 for indicating which one of
the sensors has detected a magnet. The output of the
decode circuit 122 controls a multiplex circuit 124 which
directs the "analog” signal on lines 102a-102d from the
buffer 96 of the active sensor to a scaler 126.

When a sensor 82 has detected a magnet, it is usu-
ally because the vehicle is in motion or because the
microprocessor 18 has called for a test of that sensor. In
either case, the peak analog value of the magnetic field
sensed is determined and stored in a peak analog
detector and hold circuit 128 which stores the value of
this signal and applies this signal to an analog-to-digital
conversion circuit 130 and this value is made available
to the microprocessor and compared to previously
established values.

The digital signals on lines 104a-104d are made
continuously available to the microprocessor 18 on sta-
tus lines S1-S4, and these signals are also applied to a
latch circuit 132, and the latched outputs are also made
available to the microprocessor 18 on lines L1-L4. The
latch circuit may be reset by the microprocessor via
reset line 134.

When the microprocessor 18 calls for a test of the
Hall effect devices, a signal on line 140 is sent to a test
signal generator 145 which provides a source of con-
stant current on lines 106a-106d to energize the electro-
magnets 92 in the sensor 82 one at a time in sequence.
In the preferred embodiment, the generator 145is a 100
mA constant current supply.

The digital output of the threshold detector 97 is
either on, indicating the presence of a magnetic field, or
off, indicating that the sensor no longer detects a mag-
netic field. The transition of the threshold detector's out-
put from off to on is sensed by the decode circuit 122
and identifies the device that is sensing a magnetic
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field. This transition also causes the hardware circuits of
Fig. 7 to monitor the analog value of the sensor through
the multiplexer 124. When a transition from on to off is
detected, the peak value is stored in the peak analog
detect and hold circuit 128 and then converted to digital
format by circuit 130 and made available to the micro-
processor 18.

A self testing procedure is initiated at predeter-
mined occasions to determine the operability of the sen-
sors used in the aisle guidance system. Each sensor
used by the system is normally tested on initial power
up of the vehicle, and thereafter whenever the vehicle
has come to a complete stop for a predetermined period
of time, such as two seconds.

Self testing will not be performed on any given sen-
sor if the output from its threshold detector is HIGH or
ON at the beginning of the test, indicating that the sen-
sor is active, since that would indicate that a buried
magnet is probably beneath that sensor. This active
sensor will be tested later, after the vehicle has traveled
a predetermined distance sufficient to ensure that the
sensor is far enough away for the magnet to be de-acti-
vated, as indicated by tachometer 54. In the preferred
embodiment, moving the vehicle 60.96 cm (itwo feet) is
sufficient.

While several sensor are shown and may be physi-
cally present on the vehicle, only those sensors that
have been programmed to be used in the aisle guidance
system will be tested. The sensor testing procedure
includes two parts, a digital test and an analog test.

The digital testing procedure basically includes
passing a current through the coil 92 to create a
momentary test magnetic field, and determining
whether the output of its threshold detector 97 is ON or
HIGH via one of the status lines 104a-104d, also desig-
nated S1-84. The latched signal on one of lines L1-L4
from latch circuit 132, which is generated by the falling
edge of the digital signal, is monitored to verify that it
remains inactive while the coil 92 is energized. When
the current through the coil 92 is removed, the output of
the threshold detector 97 must go LOW or OFF. This is
indicated by the latched signal being activated at this
time.

The analog test involves reading the peak value of
the analog signal created by energizing the coil 92 when
performing the digital test. The peak value, which is
found at the output of the analog to digital converter
130, is then verified by the microprocessor 18 to be
within a range of values chosen to be acceptable given
the tolerance of the electronics. If either the digital or
analog tests fail, the sensor is considered to be faulty.

The circuit of the interface card 120 is also tested by
applying a known signal to the peak analog detector
and hold circuit 128 via line 129 from the microproces-
sor 18. The digitized value of this signal from circuit 130
is read by the microprocessor 18 to verify that it is within
a range of acceptable values. Of course, if this test fails,
then this fact is noted and the sensor tests are ignored.
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By this process, the operational fitness of the sys-
tem is insured. Should the maximum value of the
sensed magnetic field deteriorate, it could be a result of
sensor failure, the magnet weakening or becoming mis-
aligned, or because the sensor alignment has changed.

Any deterioration of the analog output below a pre-
determined minimum would be indicated to the operator
by an alarm indicator 150 which is on the operator's
platform and hereinafter referred to as the wrench lamp
since it shows a picture of a wrench (o indicate the
need for maintenance) and reduced travel speed (Fig.
4). Also provide are sensor fault LEDs, shown generally
at 151, to indicate which sensor, if any, has failed. Fur-
ther, the failure of a sensor or the card 120 is logged in
the memory of microprocessor 18 to permit quick iden-
tification by the service technician.

Therefore, there is now some assurance that during
normal operation, the presence of a magnetic field from
a buried magnet will be detected and the microproces-
sor will provide the necessary control functions to the
vehicle's brakes and traction motor.

Referring now to software flow diagrams, Figs. 8-16
describe in detail the process for testing the aisle control
system each time the vehicle is powered up. The micro-
processor 18 initiates the test routine identified in Fig. 8
as TEST_EAC, where EAC refers to the end of aisle
control function. The first test is to determine whether
the EAC card is present, and that refers to the circuit
120, shown in Figs. 4 and 7. The stacks referred to in
these flow charts are memory allocations in the micro-
processor 18 itself. The battery RAM is a separate
memory circuit having its own battery for retaining fault
indications and other data even when the vehicle's bat-
tery has been removed. The sensor fault LEDs are
lamps within the microprocessor 18 and are not nor-
mally visible to the operator.

Fig. 9 shows the self test procedure that must be
made for each of the selected sensors. In the term
"Sn_SLF, the suffix "n" in "Sn" refers to the number of
the sensor being tested. Sensor #2-#4 refer to sensor
A2, B1, and B2 or C1, respectively. Similarly, Fig. 10 is
used in the testing of each sensor in turn.

The software flow charts of Figs. 17-24 describe the
run-time diagnostics for the sensors. The routine
EAC_DIAG shown in Fig. 17 is run by the microproces-
sor 18 on a frequent basis to ensure that the aisle con-
trol system is functioning properly. As shown, this test is
run only if the system is installed on the vehicle. If any
faults are found, a lamp on the operator's platform is
turned on. This lamp has a wrench symbol to remind the
operator that maintenance is required.

If, at the time the run time diagnostics are run, the
vehicle is not moving, then the TWO_SEC procedure of
Fig. 18 is executed; if the vehicle is moving, then the
(TWO_FEET) procedure of Fig. 23 is executed.

As shown in Fig. 18, if the vehicle or truck has been
stopped for two seconds, the test procedure is run; oth-
erwise it is terminated. If any sensor is presently being
used or is active, then that sensor is skipped temporar-
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ily, as shown in Fig. 19. If more than one sensor is indi-
cated as being active, then a failure is noted since no
two sensors are active at the same time. If one sensor is
active, then it is skipped, and the next time the routine is
run, the (TWO_FEET) procedure is run for that sensor,
after the vehicle has moved at least 60.96cm (two feet)
(to insure that it is far enough away from the magnet not
to be affected).

Faults noted during the testing procedure are
recorded in battery RAM in the microprocessor 18. A
battery backed-up RAM is used to retain the fault data,
the strength of the magnets during a calibration proce-
dure and other information regardless of whether the
vehicle's battery is installed.

While the method herein described, and the form of
apparatus for carrying this method into effect, constitute
preferred embodiments of this invention, it is to be
understood that the invention is not limited to this pre-
cise method and form of apparatus, and that changes
may be made in either without departing from the scope
of the invention, which is defined in the appended
claims.

Claims

1. A method of testing a control system, such as an
end aisle control system, for a wire-guided vehicle,
wherein at least one magnet sensor (82) is posi-
tioned on an operator-controlled materials handling
vehicle for detecting magnets (70, 72) installed in
the floor relative to a guide wire (50) for indicating a
specific location, the method comprising the steps
of:

generating an analog output signal represent-
ing the strength of the magnetic field detected
by said magnet sensor (82);

generating a threshold output signal for said
magnet sensor indicating when the analog out-
put signal therefrom exceeds a first predeter-
mined value;

detecting and holding a peak value of said ana-
log output signal generated by said magnet
sensor during an interval when said threshold
output signal is present;

determining whether the peak analog output
signal of said magnet sensor exceeds a sec-
ond predetermined value after a threshold out-
put signal has been generated; and

indicating a first fault condition whenever the
peak analog output signal from said magnet
sensor is determined to be below said second
predetermined value.

2. The method as claimed in claim 1, further including
the steps of:

generating a test magnetic field at said magnet
sensor (82) having a field strength approxi-

10

20

25

30

35

40

45

50

55

mately equal to the magnetic field strength
generated by a buried magnet (70, 72);
comparing said peak analog output to said sec-
ond predetermined value after said test mag-
netic field has been turned off; and

indicating a second fault condition when said
peak analog output is below said second pre-
determined value.

3. The method as claimed in claim 1, further including
the steps of:

generating a test magnetic field having a field
strength that represents the magnetic field gen-
erated by a floor mounted magnet;

monitoring the threshold output signal; and
indicating a second fault condition if the thresh-
old output signal does not indicate the pres-
ence of a magnetic field greater than the first
predetermined value while the test magnetic
field is present or if the threshold output signal
continues after the test magnetic field has been
discontinued.

4. The method as claimed in claim 1 or 2, further
including the step of limiting the speed of the vehi-
cle when either a first or second fault condition is
indicated.

5. An operator controlled wire-guided materials han-
dling vehicle including means (40, 42) for guiding
the vehicle along a predetermined path defined by
a buried wire (70), means (16) for moving said vehi-
cle, and at least one magnet sensor (82) mounted
on said vehicle for detecting a magnetic field ema-
nating from a buried magnet (70, 72), which indi-
cates a specific location along the path of the
vehicle, characterised by:

circuit means (96) for providing an analog sig-
nal representing the strength of the magnetic
field detected by said magnet sensor (82) as
the vehicle moves along said path;

threshold detecting means (97) for providing a
threshold output signal when the analog output
of said magnet sensor is above a predeter-
mined magnitude;

means (128) responsive to said threshold out-
put signal for detecting and holding a peak ana-
log output of said magnet sensor during the
time a threshold output signal is present;
means (18) for comparing said peak analog
output to a second predetermined value; and
means (18) for indicating a first fault condition
when said peak analog output is below said
second predetermined value.

6. The vehicle as claimed in claim 5, further including:
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means (92) for generating a test magnetic field

at said magnet sensor (82) having a field
strength approximately equal to the magnetic
field strength generated by a buried magnet
(70; 72); 5
means (18) for comparing said peak analog
output to said second predetermined value
after said test magnetic field has been turned
off; and

means (18) for indicating a second fault condi- 10
tion when said peak analog output is below
said second predetermined value.

7. The vehicle as claimed in claim 6, further including:

15
means (128) for detecting said threshold output
signal, and
means (18) for indicating a second fault condi-
tion when said threshold output signal is absent
and said test magnetic field is being generated 20
or if said threshold output signal does not
cease when said test magnetic field is turned
off.

8. The vehicle as claimed in claim 6 or 7, further 25
including means for limiting the speed of the vehicle
when either a first or a second fault condition is indi-
cated.

9. The vehicle as claimed in any of claims 5 to 8, 30

wherein said magnetic sensor (82) is a Hall effect
device.
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